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Introduction {#sec005}
============

Breast cancer is the most common type of cancer diagnosed among women in the USA and globally \[[@pone.0182444.ref001]\] and the second cause of cancer-related mortality in women in the united stated of America in the current decade \[[@pone.0182444.ref002]\] \[[@pone.0182444.ref003]\]. It is also the cardinal cause of disability adjusted life years (DALY) based on worldwide studies \[[@pone.0182444.ref004]\]. Epidemiological studies have shown that breast cancer is the most common cancer type among Iranian women with an age standardized rate (ASR) of 17.1 to 24 per 100,000 \[[@pone.0182444.ref005]\] \[[@pone.0182444.ref006]\]. Moreover breast cancer affects Iranian women about one decade earlier compared to developed countries \[[@pone.0182444.ref007]\]. This disease includes a number of biologically diverse subtypes \[[@pone.0182444.ref008]\]. This very diversity explains the different therapeutic approaches and prognosis of the disease. There are different biomarkers postulated to have a role in the clinical and therefore therapeutic aspects of the disease i.e. cathepsin-D, Ki-67 and p53. One of the most studied ones is p53; a tumor suppressor protein coded by a gene called Tp53\[[@pone.0182444.ref009]\]. This gene is placed on the short arm of chromosome 17\[[@pone.0182444.ref010]\]. However there is no agreement on the p53 prognostic importance in breast cancer yet. Most of previous experiences claimed the effect of carrying a mutated p53 protein on death and recurrence \[[@pone.0182444.ref011]--[@pone.0182444.ref013]\], while some others did not \[[@pone.0182444.ref014]\].

The current study is a retrospective cohort designed to assess the outcome of patients with early breast cancer focusing on p53 prognostic effect.

Materials and methods {#sec006}
=====================

From March 2007 to July 2013, 187 newly diagnosed patients with breast cancer were included in the study. Exclusion criterion was male breast cancer. Values including patient age, menstruation status, surgery type, lymph node involvement, tumor size, stage, chemotherapy, radiation therapy and hormonal treatment were extracted from medical records. Receptors of estrogen (ER), progesterone (PR) and Human Epidermal growth factor (HER2/neu) had been assayed by immunohistochemistry (IHC) and the pertinent data were extracted from patients' files. P53 assays were done using IHC as well (Code M3629, Dako, Germany). Validation of assay was performed through the following steps: the tests were done in 1/50 concentration, Ph = 9 and all steps were done and controlled based on the manufacturer's instructions.

All samples are reviewed by a second pathologist and the diagnosis were confirmed. Grade of tumors was defined based on Elston-Ellis method \[[@pone.0182444.ref015]\]. In this grading system tubule formation, mitotic activity and nuclear pleomorphism were used in order to categorize differentiation of cells in three groups of well, moderately and poorly differentiated. Outcome categorized in one of the following: distant or metastatic recurrence, local recurrence, death and none. Informed consent was obtained from all patients in order to use their medical records as a source for medical research. The study was approved by ethical committee of Tehran University of Medical Sciences. For the sake of analysis pathologic grade divided into two categories: grade 3 in one group and grades 1 or 2 in another. After calculating a total overall survival rate, metastatic cases are dropped from analysis in order to run more detailed analysis considered disease-free survival (DFS) and cox proportional hazard models. All treatments and follow up visits took place in Cancer Institute of Iran, Tehran University of Medical Sciences, Tehran, Iran.

Data were analyzed retrospectively and Kaplan-Meier estimate were used to evaluate survival rates (both overall and disease-free). Median survival time was calculated by reverse Kaplan-Meier method. Cox proportional hazard models were used to evaluate the effect of prognostic factors on the outcome and each prognostic factor with a P-value of less than 0.2 was authenticated to commence a multivariate analysis. Cumulative incidences of relapse were calculated by Gray's method and the groups were compared by the Gray test method in the competing risks setting \[[@pone.0182444.ref016]\]. In analyses P-value of less than 0.05 is considered statistically significant. All analyses were performed using Stata software version 11.2 And R version 3.3.2 for windows.

Results {#sec007}
=======

Cohort characteristics {#sec008}
----------------------

A total number of 185 patients included in the study. Mean age at diagnosis was 47.19±11.42 years. P53 was detected positive in 35.14% of cases (n = 65). Twenty patients had distant metastasis (stage 4) at the time of diagnosis (10.81%). Pathologic examination revealed grade 2 disease in 77.84% of the patients (n = 144). Sixteen patients (8.65%) underwent biopsy only and the remaining had surgery (mastectomy or breast-conserving). Basic characteristics were summarized in [Table 1](#pone.0182444.t001){ref-type="table"};

10.1371/journal.pone.0182444.t001

###### Baseline characteristics of patients.

![](pone.0182444.t001){#pone.0182444.t001g}

  *covariate*                *classification*                             *frequency*
  -------------------------- -------------------------------------------- -----------------
  Menopausal status          Pre-menopause                                68.65%(n = 127)
                             Menopause                                    31.35%(n = 58)
  *Tumor T*                  T1                                           22.16%(n = 41)
                             T2                                           52.43%(n = 97)
                             T3                                           14.59%(n = 27)
                             T4                                           8.65%(n = 16)
                             T~x~                                         2.16(n = 4)
  *Lymph node involvement*   N0                                           34.59%(n = 64)
                             N1                                           31.35%(n = 58)
                             N2                                           16.76%(n = 31)
                             N3                                           9.73%(n = 18)
                             N~x~                                         7.57%(n = 14)
  *Distant metastasis*       M0                                           89.19%(n = 165)
                             M1                                           10.81%(n = 20)
  *stage*                    1                                            12.97%(n = 24)
                             2                                            48.11%(n = 89)
                             3                                            28.11%(n = 52)
                             4                                            10.81%(n = 20)
  *Pathologic grade*         1                                            2.70%(n = 5)
                             2                                            77.84%(n = 144)
                             3                                            19.46%(n = 36)
  *Estrogen receptor*        Positive                                     66.49%(n = 123)
                             Negative                                     33.51%(n = 62)
  *Progesterone receptor*    Positive                                     61.62%(n = 114)
                             Negative                                     38.38%(n = 71)
  *HER2/neu*                 Positive                                     23.24%(n = 43)
                             Negative                                     76.76%(n = 142)
  *Surgery type*             MRM[\*](#t001fn001){ref-type="table-fn"}     76.22%(n = 141)
                             BCS[\*](#t001fn001){ref-type="table-fn"}     15.14%(n = 28)
                             Biopsy only                                  8.65%(n = 16)
  *Relapse*                  No recurrence                                71.89%(n = 133)
                             Local recurrence                             4.86%(n = 9)
                             Distant recurrence                           12.97%(n = 24)
                             N/A[\*\*](#t001fn002){ref-type="table-fn"}   10.27%(n = 19)
  *Treatment*                Chemotherapy                                 97.39%(n = 182)
                             Radiotherapy                                 68.11%(n = 126)
                             Hormone therapy                              64.32%(n = 119)
  *P53*                      Positive                                     35.14%(n = 65)
                             Negative                                     64.86%(n = 120)

\*MRM: modified radical mastectomy, BCS: breast conserving surgery.

\*\*Patients with an advanced metastatic disease from the time of diagnosis.

There was no significant association between p53 status at the time of diagnosis with the following variables: stage of disease, menopausal status, progesterone receptor and HER2 (Chi-square, P-value = 0.68, 0.84, 0.11 and 0.30 respectively). Median follow up time was 47±1.35 months with a maximum of 75 months.

Survival analysis {#sec009}
-----------------

At the end of the follow up time 33 patients had a regional or distant relapse. There were also 31 cases of death. Kaplan-Meier estimate showed 5-year overall (OS) rate of 80.77% (95% CI: 73.25%-86.37%).

After dropping metastatic cases from analysis a total number of 165 patients were remained. Five-year OS and DFS rates for the selected population were 86.68% (95% CI: 79.29%-91.57%) and 78.15% (95% CI: 69.92%-84.38%) respectively. [Fig 1](#pone.0182444.g001){ref-type="fig"}.

![Overall and disease-free survival of non-metastatic patients.](pone.0182444.g001){#pone.0182444.g001}

Significant differences were observed between p53 positive and negative groups for OS and DFS (5-year OS: 73.87% vs. 94.03%, P = 0.002; 5-year DFS: 64.25% vs. 85.89%, P = 0.004); Figs [2](#pone.0182444.g002){ref-type="fig"} and [3](#pone.0182444.g003){ref-type="fig"}.

![Overall survival of patients based on p53 accumulation.](pone.0182444.g002){#pone.0182444.g002}

![Disease-free survival of patients based on p53 accumulation.](pone.0182444.g003){#pone.0182444.g003}

Subgroup analysis did not show any significant differences for the effect of p53 on OS and DFS when stratified based on hormone receptor, HER2/neu or stage.

Additionally, significant differences was detected between overall survival of the patients by disease stage (P = 0.005), lymph node involvement (P = 0.007), estrogen receptor (P = 0.012) and pathologic grade (P = 0.004). In addition to these variables T category and progesterone receptor were perceived to be significant for DFS (P = 0.000 and 0.004 respectively). Results of survival analyses for different variables regarded to OS and DFS rates are summarized in [Table 2](#pone.0182444.t002){ref-type="table"};

10.1371/journal.pone.0182444.t002

###### Variations in survival of patients in different subgroups.
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  Covariate    subgroups        5-year OS   P-value   5-year DFS   P-value
  ------------ ---------------- ----------- --------- ------------ ---------
  P53          Positive         73.87%      0.002     64.25%       0.004
               Negative         94.03%      85.89%                 
  T            T1               90.59%      0.098     81.39%       0.000
               T2               87.80%      83.36%                 
               T3               82.08%      69.11%                 
               T4               57.14%      25.71%                 
  Lymph node   N0               95.85%      0.007     90.86%       0.001
               N1               86.52%      86.52%                 
               N2               77.91%      54.35%                 
               N3               70.32%      51.85%                 
  Grade        1 or 2           89.20%      0.004     82.10%       0.013
               3                71.17%      56.54%                 
  Stage        Stage1           88.46%      0.005     82.45%       0.000
               Stage2           93.95%      92.11%                 
               Stage3           73.07%      51.91%                 
  ER           Positive         91.07%      0.012     83.67%       0.013
               Negative         77.79%      67.23%                 
  PR           Positive         90.25%      0.064     85.37%       0.004
               Negative         81.25%      67.24%                 
  HER2/neu     Positive         80.28%      0.378     68.78%       0.23
               Negative         88.64%      80.85%                 
  Menopause    Pre-menopause    87.84%      0.94      77.17%       0.701
               Post-menopause   84.40%      78.37%                 

Univariate and multivariate analyses: {#sec010}
-------------------------------------

First the effect of different variables on outcome were assessed by means of univariate cox regression in order to select proper variables for multivariate analysis and build a more reliable model. Then multivariate analysis was used for variables with a P-value of 0.2 or less. Using a univariate analysis tumor size, disease stage, pathologic grade, p53 accumulation and hormone receptor status were selected to perform multivariate analysis. Finally adjusted for all other variables p53 mutation was found to be an independent factor predicting poor prognosis (hazard ratio for OS: 5.04 (95% CI: 1.71--14.94); P = 0.003 and for DFS: 3.81 (95% CI: 1.68--8.64); P = 0.001). Additionally stage 2 disease was found to be a prognosticator of superior disease free survival when compared to advanced stages (HR: 0.23 (95% CI: 0.06--0.90); P = 0.03). The results of univariate and multivariate analysis model are summarized in [Table 3](#pone.0182444.t003){ref-type="table"};

10.1371/journal.pone.0182444.t003

###### Results of univariate and multivariate analyses.
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  Covariate                                      OS                  DFS                                                                                                                                   
  ---------------------------------------------- ------------------- ------------------ ------------------- ------------------ ------------------ ------------------ ------------------ ------------------ ------
  **Age**                                        0.98(0.94--1.02)    0.35                                   1.00(0.97--1.03)   0.84                                                                        
  **Size**                                       1.19(1.15--1.45)    0.07               1.00(0.78--1.28)    0.98               1.15(0.98--1.34)   0.09               0.94(0.77--1.15)   0.54               
  **Grade (3 over 1 or 2)**                      3.66(1.44--9.29)    0.01               2.93(0.91--9.46)    0.07               2.57(1.18--5.58)   0.02               2.61(0.97--7.00)   0.06               
  **Stage**                                      2                   0.73(0.14--3.74)   0.70                0.40(0.07--2.37)   0.32               0.39(0.11--1.38)   0.14               0.23(0.06--0.90)   0.03
  3                                              3.26(0.73--14.63)   0.12               2.22(0.36--13.63)   0.39               2.81(0.97--8.20)   0.06               2.11(0.56--8.00)   0.27               
  **ER or PR(Positive over Negative)**           0.33(0.13--0.82)    0.02               0.42(0.15--1.18)    0.10               0.42(0.21--0.85)   0.02               0.48(0.20--1.14)   0.10               
  **HER2/neu(Positive over Negative)**           1.54(0.58--4.06)    0.38                                   1.57(0.74--3.34)   0.24                                                                        
  **P53**                                        4.22(1.60--11.11)   0.00               5.04(1.71--14.94)   0.003              2.74(1.34--5.60)   0.01               3.81(1.68--8.64)   0.001              
  **Menopause (menopause over pre-menopause)**   0.96(0.37--2.54)    0.94                                   1.15(0.55--2.40)   0.70                                                                        

Relapse incidence {#sec011}
-----------------

The cumulative 5-year incidence of relapse was 18.99% (95% Confidence interval: 15.00%-29.19%) which was significantly higher in p53 positive group (11.95% for p53 negative and 31.58% for p53 positive group; Gray's test, P-value = 0.004; [Fig 4](#pone.0182444.g004){ref-type="fig"} and [Table 4](#pone.0182444.t004){ref-type="table"})

![Cumulative incidences of relapse based on p53 status.](pone.0182444.g004){#pone.0182444.g004}

10.1371/journal.pone.0182444.t004

###### Cumulative relapse incidences.

![](pone.0182444.t004){#pone.0182444.t004g}

  Relapse incidence(%CI)   1-year              3-year                5-year
  ------------------------ ------------------- --------------------- ---------------------
  p53 positive             3.39(0.62--10.49)   24.71(14.29--36.61)   35.38(21.64--49.40)
  p53 negative             1.89(0.36--6.05)    10.78(5.68--17.72)    14.00(7.61--22.30)

Discussion {#sec012}
==========

The primary aim of this study was to evaluate the frequency of p53 mutation and its effect on outcomes of patients with breast cancer. Our patients had a 35% p53 mutation which is in line with the literature, like 37% in study of Gasparini G et al \[[@pone.0182444.ref017]\]. Besides our results revealed a 5-year overall survival rate of 80.77%; which is an acceptable rate. We are also able to deduce that the pathologic grade is one of the independent prognostic factors for female breast cancer (although with a borderline P-value of 0.07 for OS and 0.06 for DFS). This finding is strongly supported by evidences published in the literature like a systematic review by Mirza AN et al on long term studies \[[@pone.0182444.ref018]\].

Moreover we detected the independent prognostic impact of IHC detected p53 mutation on the OS and DFS. Some other previous reports have reached to similar results. The report of Silvestrini et al on 256 node negative breast cancer patients with a long term follow up time of 72 months suggested that the p53 overexpression detected by IHC could be used along with other conventional prognostic factors \[[@pone.0182444.ref013]\]. The study of Blaszyk H et al on 90 Caucasian patients for a median follow up of 5 years revealed that the most prognostic factor in primary invasive breast cancer is p53 mutation \[[@pone.0182444.ref011]\]. Long-term study of Falette N et al on 113 patients for 105 months also confirmed the prognostic value of p53 mutation on both OS and DFS rates \[[@pone.0182444.ref019]\]. Moreover a prominent experience in node negative breast cancer patients in South Korea have shown that IHC detected p53 accumulation is of prognostic importance after adjusting for other possible factors \[[@pone.0182444.ref012]\]. On the other hand there are other opposing reports in the literature\[[@pone.0182444.ref020]\]. The study of Korkolis DP et al on 125 patients during a mean follow up time of 62 months showed that p53 accumulation is not related to the outcome \[[@pone.0182444.ref014]\]. These differences maybe to some degrees ascribable to different techniques for detection of p53 mutation. For instance one study performed on 188 high risk breast cancer patients revealed paradoxical results with two different models of classification; once the weakly positive results considered positive and then negative \[[@pone.0182444.ref021]\]. The latter one was not able to demonstrate any prognostic effect for p53 mutation.

Another method frequently and recently used for p53 mutation detection is based on genetic tests. A number of more recent studies have shown that only Tp53 gene mutations are accompanied with a worse outcome and other alterations like p53 mRNA expression are of less significance\[[@pone.0182444.ref022]\]. Thus it can be deduced that maybe the use of DNA sequencing methods for detecting mutations in Tp53 are more accurate than the IHC, the idea which is supported by the study of Sjogren S et al \[[@pone.0182444.ref023]\]. However, the IHC method is cost efficient and it worked suitably in our cohort and some other previous studies as well, so it can be considered as a technique that costs less and does not need highly experienced technicians.

Moreover we found out that p53 status is not related to more invasive disease at the onset; a judgment which is supported by evidences in the literature. Studies of Mylonas I et al and Liu C et al also showed that the expression of p53 in invasive mammary ductal carcinoma does not significantly differ from the one in ductal carcinoma in situ \[[@pone.0182444.ref024], [@pone.0182444.ref025]\]. Additionally an observational study from Iran revealed that the p53 status is not significantly related to lymph node involvement \[[@pone.0182444.ref026]\]. Therefore it can be offered that the prognostic value of p53 mutation should be interpreted per se and distinctively from clinicopathological features.

According to biologically diverse types of breast cancers and also the potential role of a large group of other risk factors it seems that more detailed studies are needed to assess this prevalent disease and its outcome in the future.
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